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CIZT, FRTAaBnDorRERTHY, (W,W) & 2 XILEEHE Brown EH T, B = pW +
V1=p2W,pe(—-1,1),H € (0,1/2] TH 3. W i3 Hurst $4% H ® Riemann-Liouville T84
Brown JEBTH Y, H & hbTHI/MhE W Holder @it 282, K74 V74 F(IWH) o EAIE
FEWH LARETHD, H<1/2TH206KR774 V745 Brown B XD &5 7TH5 L
s, IR TST7KRI T4 VT 4] EMINZ2HETH 5.

[3, 6, 7] TW&, t771/210g(S;/Sp) D t — 0BT % KfhiEJFE (LDP) 122\ T OISR X h T
W3,

B 1.1. [3] X; = t171/210g(S:/So) & t = 0 ITBWTKD LDP 2 A7-7. T72b5, Borel 5
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— inf I(y) <liminft*7 logP(X; € A) < limsupt*# log P(X; € A) < — inf I(y).
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77U, Li(h) = [ F(h)hedt, Io(h) = [, F(hy)?dt,hy = V2H [ |t — s|7=2h,ds TH 3.



EHI1ICEY I TIRTI T4 VT AETADE T a UMl R T 7 4 VT 4 AF 2 — DRIREH%E
Biaitih 35 2 LA TE, ZORTLDP ZAH T 2 & L I MlifEA D 5. (JFEEE) Brown B D R
= ALK D small time DHEFRAY small noise DMEIRICIHAETE 2 Z L IKHERT 5 L, T 7 %AHR
Bl S LDP X LTRD & 5 A blifi L o R\ 23 T % %

(i) Sy i<xt¥ % Lyons OEkitEEfz/R L,
(i) T Y 2ENTZ /) 4 RWHT % LDP 20 & fi/Msi# %@ LT t7-1/210g(S;/So) 15 3
LDP Z/R¥.

K, [3] W IEHIMERGERER (regularity structure) % T t7171/210g(S,/Sp) 1203 % LDP %1%
7. BlickoTHHE AT WS X512, #lill#l SR, Gaussian 7 7 %A H 5 WVEDE T 7 %A L0 o
727 I RAD G wE T 7R T T4 VT 4 ETMHEHATERWZ LIZERELTBL.
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& [10] TR E NS b DEIT. KR LT H > 1/4 DHFEIIIRD 2 HkiEEHER2 2 23T
Z7:. H < 1/4 DGEBAMRICBWTRBLMRERS Z 8 IETERP o7, 2, 12] R ETBY
Bt a v b — Uit ot E [10] e TRT 2 8T, i a2 15,
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A/NHITUE, [10] 1HE-> T T a ¥ b r— URIT ORI 78 LR T 5. 3, LTORTOH%

BERERTS.
I:={(-1,0),(0,00}U{(p,m) €ZXZ:p>0,1<m<2P}.

(p,m) eIBLLi=0,1,210L ¢, €[0,1] ZiZDHS. p>0,1<m <2’ DL X

/0 _ m—1 /o _ 2m—1 2
pm T 2—pv pm T W? pm T 9P

Lt =t =082, =18, =0t} =t =15 5. X, [0,1] LFEBHEREED
% A{xpm} BEF {ppm} ZERTS. p>0,1<m <28 D ZFZ

Xpm (1) = 2P1po a1 (1) = 2P1p ez (D),

W(t—1),), tE [t ty,) DEE;
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0, ZhLt
Z%@, Y—-10 = 1,@00(0 = taXOO =1 2‘3—5 X-10 Liﬁlﬁ*ﬂ’ﬂb:ﬁ%btﬁh\i Zb:&%ﬁ?%
(p,m) € T\ {(=1,0)} IZBWVT {2772y, }, {27720, } & Z 2 Haar BIECR, Schauder BI%K
Rezs.

pm(t) = / Xom(s) ds =



F00,1] = REGHL fo, = f(1) — f(s) ¥ L,

£(0), (p,m) = (-1,0) DX &;
Jom = f(@) = f(0), (p,m) = (0,0) D& &;
feoan, = fo a2, TR
LREDD. Fl, p> —1IxL
p
Apf = Z fpm%ﬁpmy Spf = Z Aqf
m:(p,m)€l g=—1

LEDD.

#RE 2.1. [10, Lemma 2.1] f: [0,1] 2 R4 & F2. p>1DLE, S, 1fIZ fDD,:={m27P:0<
m < 2P} KBIBMEHIITDH 2. Frg, f 258 THIUR S, f 1& f I RRIRT 5.

W21 &0, fe 00,1 R I L —RRIBRDO R T Y02 | Ayf = fAMKDIID. Zhid
Besov Z2[EEmIC B % Littlewood-Paley 73 fED ISV TH 5. Z Dorfiim HWT, UT DRz %
EERTS.

EE 2.2. a>0k feC([0,1;RY) wextL

[ fllai= S>up12pa||A:Df||002 sup 27| fpm|
pom

(p,m)€l

rBx,
C*RY) =C* = {f € C([0,1];R%): || f[|la < o0}

DB,

[la 1& Besov /LA ||| o OXEVITH 5. LUTF D 2.3 1% Ciesielski DA LTSI T
W3,

ME 23. ac(0,1) 255, ZorE, fcC(0,1;RY) IDWT f 2 a-Holder HfiiThH s Z b &
fECHRY) THBZLIFFAMTHD,

|fs,t|

|t — s>

[1flla 2= [I.f[loo + sup
s#£t

Rz, C*(RY) 1% Banach 22/ TH 5.
iRl 2.4. [10, Lemma 3.3, Lemma 3.12, Lemma 3.13] XD 3 DD H R MG L HAEPERTE 5.

o Lévyarea. a+8>1 DY IR, L: C* xCP — Coth

L(v,w) = i pz_‘i {/0 Ay dAgw— /0.(qu1})pr}

p=0g=-1



e symmetric part. S: C* x C% — cot8

S(v,w) = Z /0 ApvdApw

p=—1

e paraproduct. 7. : C® x C8 — CP

)= 3 Y {/O.Apvquw—i-/O.(dApv)Aqw}

p=—1g=p+1
= ZSp_lvpr
p=0
fecy((RYy*@R"),veC*RY) 35, o >1/2Dr %, Riemann fl ), ft Vs, DOHRER
WU L Young f#4%) & FEIZ N % 23, Littlewood-Paley 47 f# & @il 2.4 %% X 1113 Young &7 1%
I(f,dv) = L(f,v) + S(f,v) + 7<(f,v) THEILTES. —AHTa>1/3DHERELS5THAIH. Z
DG, L(Syv, Syv) DIORFT 2 ZIRET AL, ZOLE, f2viZkZaryba— LI sz
2 R
fﬁ — f _ 7T<(fv,’l)) c CZQ((Rd)* ® Rn), fv c C2a((Rd)* ® (Rd)* ® Rn)
Db LT I(f,dv) = imn_eo [(Sn f, dSnv) DUCHATE 5. F, T
O (f7,0,0) = L(Snm<(f7,v), Syv) — I(f*,dL(Syv, Snv))

PEE®D & > 0128 L % (R") D fHCINT 5 DT,

I(Sn f,dSnv) = S(Sn f, Snv) + m<(Sn f, Snv) + L(Sn f#, Snv)
000+ T A S0

ELTN — oo UK. I(f,dv) I& controlled path DFEFICHY TS HDTHS. F €
CIREG(RY*@R")) ICHL f=F(v) ek3e & F)idvicgayira—rdhs. I(f,dv)
EHT R ASE IO IR 72 D T Stratonovich THDFES T H 203, FHEHOBE I ICEL TS v DRZE
BT 2ARE D H AL REDFER DI D 37D, Z DA, i D controlled path ¥ ¥ HEIE
Riemann f1%% 2 2 EUIR N L ITHERT 5.
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E& 2.5. fcC(0,1;( RY)*@R"),ve C([0,1;R) & F5. N>0BXUte[0,1]ITRL
2N

[fo vl (t) = Z(fmt?\,k - ftAt‘}\,k)(UtAt?\,k - Ut/\t?\,k)a

k=1

t 2"
/0 r dMy, = Z ft(}\,k (Ut/\t?v,c - Ut/\t?\,k)
k=1
eBL. £,

I, dv) = 1(Sw ,dSwv) = 5lf, ol — e (Sn . Swo)
= S(Swf, Swv) + L(Swf, Swv) = 3 [f ol
YD, INCH(f, dv) SRR T 2 & & Z DR & 1104 f, dv) b H<.
S8 2.6. u e C((R")*®R™),v e CF(RY)* @R"),w e C'(RY) £F 5. a+f+v>1L,a+p<

L,B+v<1Dk X,

Crue,s (u, v, w) = Ivll_rgo C;ffé)yﬁ (u, v, w)

= lim {IEG’ﬁ(ﬂ<(u,v),dw) - I(u,I}\gé’ﬁ(v,dw))}

N—o0

BBRINRLT, [[Cro (u, v, 0)llat sy S lullallollpllwlly 255D 325,

EE2.7. a+B<l<a+28tLl,veCRY), feCP(RY)* wR") T 5. [ fdMoh—k
INH L, t
for dMMy,

S

|t — s|a+B <

sup sup
N2>0s,teDyn
s<t

ThsrT5 DL [WiHfdv) € C*TP(R"). %7, flc7arybu—LERh3 g e
CARY)* @ R™) 1K L [ gd™Mu @ —HRIR L, MR 1 (g, dv) 1B L TELF DA 32D

Ilté(g7dv) = 7T<(g,’0) + OII‘:C"rﬁ(gfa f7 U) + I(gfadIIt67ﬁ(fa dl})) + IItG’ﬁ(gﬁadv)'
Rz, I'"(g,dv) Zvickgary rr—ndhs.
v=DB,f=WH PEHE 2.7 DIER AT LiE, LTOTEHE 2.8 1 oHES.

TE 2.8. X = { X} o<i<1 2 d XTWEHIRALF V=N L, ZOZXEN% [X] TRT. YV =
{Yi}o<i<i &2 (RY)* @ RO-AIDHKGHSHFEE 35, p > 2 & ap, o € (0,1) T pag,pbo > 172250
DPIEIELT, s,t € [0, 1] 1L T (—#ki2) LT DD Z e ZIRET 5.

E|[X],. "/ < [t — 5], E( sup mm) <t — s
s<r<t



COLEMEEDO<a<ag-1/pBEG0< B < Fo—1/p X LTE|X |2 +E|Y|+EK2 <
0o B DD, 775 L

t
Y, Td<N>XT‘

S

K := sup sup
N>0s,teDy
s<t

[t — s|oth

2.7 BXOEM 28 &0, F € C2(R;R) ML S, 13X 1 T B,WH "4(WH dB) B
T FWHY cBLCHifiie 25, X6 F € C3(R;R) THHE FIWH) i wH LT
fIt Lipschitz T®H % Z & bn 5 DT, ik S; 1% (B,WH, ["4(WH dB)) 1o L Culifie 72 %.
(B,WH [%8(WH dB)) 12B$ 5 LDP 2/R5 2T, @H 1.1 2VRE 23 L HIffTE 3

3 H<1/4DBE

HIEiDEM 2.7 1ZBF 2 RE a+258 > 1 2L VA5 &, 3 BERIPLRRT (Al 2.6) IX@EHTER
(%3, Flz, gttt LTh g=n(9f,0) + fL VI RFay b u—UEZRET 57210 TEA
T TH23. 2D7d, 2 HIONEL X D IERIEMRNGENILR T 208 03D 5.

3.1 BR/NZ 3> bO-—)LEEWN

ElE$S 2y b — VAT [2] TEAXA, [12] THIZEXATV S, WS AN L 3&ED
Wi B7-8, TNZNDFHINCHER % 52 2 0N H 5. Fio, RIFRTIHMEER O G252 Z &
WD U7z, [12] TRFERCT RO RZE TV B2, Z O IZERPEREE R Z v Tun
5. R, IFHIMENSEIERZ S 2 e 2 o OFHliZ S 2 Z e T /2.

DB FHEE A T D 3 0 TH %:

o TR Y MZBT % Taylor JER
o HIE T UK b D
o HE AT DOFHifl
FRD Taylor BRI [2, Section 2] TZDEAE X 60 TWS
FE3.1.0<B<a<l/(n+1)2L,veC*(RY,FeCy™*R4R) vT5,

Flo i%g ( >7T< D F(0)u®7 @ k=)

=1 Jj=

YL, [F0)lnass < ||F||Cn+5/u||v||"+ﬂ/“ DD TO. 7,0 < a < 1/(n+1),F €
CiP?(RER™) v &, 5if Co‘(Rd) > v F(v)t € CvHDe(R™) 13FFT Lipschitz @ity 72 %.
Kbb, v,we CHRY) TR L

1E()F = F ()l n41ya S I1Fllpra{l + [vlla + [wlla}" v = wlla-
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BT Fu ks MBS 2R, [12] TRARE k.
B 3.2, i=1,....,n L fO cC¥ a; €(0,1) T3, BRI T2ERT .

7r<(f(1)) = f),
T (fOD, ) = (ma (FO, L ), ).

%7z, 5,t€[0,1] 1T L
w<(f(1))s7t = fs(,lt)a
n—1
we(fVs f s = e (P S ) = D me (Y f Do (P f )
=1
CEDD. ap+ -+, < 17R5ELUT OFEMAEK b 370,
we (FDs s Pl S 1= s H o f Doy 1 e st € [0,1).

M 2.6 KB 2RI TO XS Ic—BfbTZ 3. EFEORETIZ (2, 12, 13] T XA T
W3,

EE33. n>4rLl,i=1,...,n L fD eC¥ a; €(0,1) T 5. HRWICUTZERT 5.

CO L (fD, o 1y = O (e (fO, ), £, p)y
—I(fW, KD (FP, . pmy).

At Han > LartFau 1 < Lag++a, <12EETS. cors, o), (1O, ..., f™M)
Ci—ﬁlﬂﬁibf, ||C1II“"jj (f(l)a .- 'af(n))”al-l-“'-l-an S ||f(1)||a1 T ”f(n)HOln z’)ﬁ‘z Djo

32 SRS TFAIVFeETILADTZ IO—F

mREZay ba— L fETOEEZ W3 2T, B 2.7 OFRZEEOERIE N L TR
35.

BE 34 i=1,....n ML fOeC% a;€(0,1) 2553, £, N>1255. Jy(fM, f?) =
INOF(FD Af@) v L, HIRINCUU T 2E#/T 5.

IO, ) = I e (P, £ D), £ ) = rc (FD I (FP) L ).
In (D frN e RIGRIBR S FE T AuE 2 h e J(fM, .., f) v #L.

T 3.5. ,8>0Fa+B8<1%ALTL,veC, feClTb at+nf<l<a+(n+1)s
BABH L >1%2L 5.

Wy i={(inir): 1 <k<n 1< <l(k<I<n)}



B AEHED (in - -ir) € Wy LU [ wc (fO%, ..., f&m)o, dMu, 13t 12BIL T BRIGR L,

t

we (fO%, L, fO) g, d Wy,
sup su = < 00
N30s by [t — s|ot (kD)3
s<t

THHILEZWETH. ZOLE ATED (in i) € Wy & > 0L Jn(fO%,..., f% v) 1
cotn=ktDB—e RRAMTILR L, J(fO*, ..., [Oin v) € cotn=ktD)B,

EIE 3.6. THI35 tAUREEBL. 7€ (0,031 <a+nB+y%2ALETETS. gelClizxtL
FEIETS. $7%bb, g .., € Cﬂ,gin,,,ik € CR=DBHY ((iy -+ -ix) € Wy) BXU gt € CnAt+Y
PFEL T,

g=>_ <9, f¥) + 4,

1<in<n

Giooiyy = Z T (Girin 1o FE1) + gfn,,,ik, (in -+ ig) € Wn,2 <k <mn,
1<ip-1<k—1

Gin--ia :ggn---ilv (ip -+ -i1) € Wy

rEEZHOL TS ZorE, [[gdMuid N — co TRUIGKL, MR 11 (g, dv) B L TIUT
N DRVASS

Ilto(gvdv —7T< g7 +Z Z {ﬂ-<(gin~~~ikaJ(f(gika“'af@invv))

=1 (i) EW
FL(gE T O ) 4 S(gE L TR fO )
n—1
+3 " Cuoi (gl i F2% L FET(fO L R )
=k

+ Clua,n(gfn...ik, e f®i",v)} + I* (g%, v).

FeCl orx, g=F(f) 3EM3.6 DIEE AT, FBE, g U TEM 3.1 Z8H LT n X
FCREML, 2R eI g L TES5IEM 31 ZHALTn — 1 XRETEMT S, KLk
DIRBIZ RV, I F € O THIUL, @FI 3.1 0O LRI DHMA o BT gl |, & f
2B U CRIFT Lipschitz #ifie & 22 0, 110(g, dv) 1& v, f&1, J(f®%, ..., fOn 0) KB L THifi e 725.

3.3 SERORE

TR 28 BILIRL, 57 RS T4 VT 4 EFANEI 35 BLUL 2.7 DREE AT I L ERTDIX
%i%@i%“ TH5. Y BUEHHTH-oTEH, n =1 DHARROT t = wo (YO, Y &
BRERLBV. LT, X BIAF U7 =L ThoTH [fw (YOI, .. Y®in),  dX, i
RIEDE LTERTAILIETERY. L2L, 77R877 4 VT 4 FFI/USH L TIE, Malliavin fi#
WiRHWS Z TR [Tw(WH)Y, . (WH)R),  dB, »YEHRT % 2 TTREMS 5 5.
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